The IC 50 is the molar concentration of a given inhibitor (I), which reduces the respective uninhibited reaction rate to one half, and is indicative of the inhibitory potency of a compound. We investigated new inhibitors of the in vitro hydrolysis of acetylcholine (ACh) by cholinesterases: acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). Ellman´s method (Ellman et al., 1961) is routinely used for the determination of the cholinesterase activity and effi ciency of cholinesterase inhibitors. It is based on the measurement of the absorbance at 412 nm of the yellow complex produced by the reaction between thiocholine (TCh) and DTNB (5,5´-dithiobis-2-nitrobenzoic acid, Ellman´s reagent), as described in detail in Zdražilová et al. (2004) . Ellman´s method has two disadvantages: 1) The composition of the yellow complex and its absorption coeffi cient at 412 nm depend strongly on the composition of the reaction mixture, above all on the pH value. 2) Acetylthiocholine (ATCh) instead of ACh must be used as the substrate. However, the reaction rates of the ACh and ATCh hydrolysis by AChE (or BChE) are not identical, nor are the IC 50 values (Zdražilová et al., 2006a) .
Introduction
The IC 50 is the molar concentration of a given inhibitor (I), which reduces the respective uninhibited reaction rate to one half, and is indicative of the inhibitory potency of a compound. We investigated new inhibitors of the in vitro hydrolysis of acetylcholine (ACh) by cholinesterases: acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). Ellman´s method (Ellman et al., 1961) is routinely used for the determination of the cholinesterase activity and effi ciency of cholinesterase inhibitors. It is based on the measurement of the absorbance at 412 nm of the yellow complex produced by the reaction between thiocholine (TCh) and DTNB (5,5´-dithiobis-2-nitrobenzoic acid, Ellman´s reagent), as described in detail in Zdražilová et al. (2004) . Ellman´s method has two disadvantages: 1) The composition of the yellow complex and its absorption coeffi cient at 412 nm depend strongly on the composition of the reaction mixture, above all on the pH value. 2) Acetylthiocholine (ATCh) instead of ACh must be used as the substrate. However, the reaction rates of the ACh and ATCh hydrolysis by AChE (or BChE) are not identical, nor are the IC 50 values (Zdražilová et al., 2006a) .
When using ACh, the determination of the rate of the enzymatic reaction, and hence also of IC 50 , requires the quantitative determination of the concentration of one of the reaction components, i.e. ACh, choline (Ch), acetic acid (HAc), or protons from HAc, in the reaction mixture. The suitable methods, e.g. HPLC or pH-stat (Zdražilová et al., 2006b) , are experimentally much more sophisticated and time-consuming. This paper describes a new simple, and fast method of IC 50 determination with the possibility of using either ACh or ATCh. The method is based on the measurement of changes in the pH value as a function of time during the enzymatic hydrolysis of ACh or ATCh, it is called the pH(t) method.
Material and Methods

Principle of the pH(t) method
During the enzymatic hydrolysis of ACh (ATCh) by cholinesterases HAc is formed. Therefore, in a non-buffered reaction mixture the pH value decreases in time according to the kinetics of the hydrolysis and dissociation constant of the weak acid HAc in aqueous milieu. This decrease is slower in the presence of an inhibitor. As a consequence of the pH change of the reaction mixture, the activity of AChE changes continuously. We suppose that the activity changes proportionally during uninhibited and inhibited hydrolyses, respectively. So, by suitable comparison of the time courses of the two hydrolyses, under otherwise identical conditions, this change of activity can be disregarded.
Realization of the measurement
A pH meter (inoLab, Level 2; WTW, Weinheim, Germany) with a cell glass electrode/saturated silver chloride electrode (6.0234.110; Metrohm, Herisau, Switzerland) was used for the determination of pH(t) in the reaction mixture containing either ACh or ATCh, AChE, with or without inhibitor (I). The following reaction conditions were used: 25 °C; initial molarity, [ACh] 0 = [ATCh] 0 = 4 mM; catalytic activity of AChE, 0.14 U/ml reaction mixture. The initial concentrations of I were [I] 0 = 20 -120 μM. The initial reaction mixture was prepared in the following order: water (x ml), ACh chloride or ATCh iodide (l ml of 0.1 M aqueous solution), inhibitor (0.05 -0.3 ml of 0.01 M solution in dioxane). Dioxane increased the solubility of the inhibitors in water while it did not affect the reaction. None of the used inhibitors affected the pH value of the reaction mixture. The reaction was started by rapid addition of the aqueous AChE solution (y ml, according to its actual catalytic activity) into the well-stirred and thermostated reaction mixture. Its fi nal volume was 25 ml. The pH value was recorded every minute up to 20 − 30 min total reaction time. The automatic titrator 736 GP Titrino (Metrohm) was used for the pH-stat method.
Calculation of IC 50 (pI 50 )
The determined pH (t) ] are practically equal with the produced concentrations of HAc in the reaction mixture (e.g. in a 0.4 mM HAc aqueous solution 99% of HAc is dissociated). Provided that the variation of the AChE activity with the pH value is identical for uninhibited and inhibited ACh or ATCh hydrolysis, the ratio of the rate of uninhibited hydrolysis (v 0 ) vs. that in the presence of an inhibitor of given molarity (v) must be constant for every reaction time. IC 50 is then:
where [I] is the initial molarity of a given inhibitor. A more exact determination of IC 50 is pos sible for enzyme inhibition of the fully competitive, non-competitive, uncompetitive, and mixed type: a linear relation of (v 0 /v) vs.
[I] is valid (Kulhavý et al., 2002; Purich, 2010) :
The value of const. depends on the respective type of inhibition. According to Zdražilová et al. (2006a, b) and Kovářová et al. (2010) , carbamates and imidazoles inhibit AChE competitively. Therefore, for the determination of the corresponding straight line only a single experimental point {(v 0 /v) ; [I]} is theoretically required, the second one is (1 ; 0). But more experimental points for additional inhibitor concentrations, together with the point (1 ; 0), make the determination of IC 50 much more reliable. We constructed the described linear functions (v 0 /v) a vs.
[I] by means of 3 to 4 experimental points in addition to the point (1 ; 0). Every used value of (v 0 /v) a is the average of a minimum of 20 experimentally determined actual ratios (v 0 /v) t calculated according to the formula
The average deviation of the average value of (v 0 /v) t of all used inhibitors was 7.2%.
Chemicals
ATCh iodide, ACh chloride, 5,5´-dithiobis-2-nitrobenzoic acid (DTNB, Ellman´s reagent), dioxane, all of p.a. quality, and AChE from electric eel (preparation type VI-S) were obtained from Sigma-Aldrich (Praha, Czech Republic).
Twelve cholinesterase inhibitors, the structures of which are shown in Fig. 1 , were used for IC 50 determination. Seven carbamates (sevin, C1 -C6), of which three (sevin, C1, C2) had one, three (C3, C4, C5) had two, and one (C6) had three carbamate groups, and two imidazole derivatives (I1, I2) were synthesized in 
Results and Discussion
The IC 50 (pI 50 ) values of the 12 inhibitors ( Fig. 1) were determined for hydrolysis by AChE of 1) ATCh by the pH(t) and Ellman´s methods, respectively, and 2) ACh by the pH(t) and pH-stat methods, respectively. All measurements were performed under the conditions described above. The pH value was kept constant at pH 8 only in Ellman´s and the pH-stat method, respectively.
Ellman´s method delivered the absorbance A (at 412 nm) as a function of time, and the pHstat method gave [HAc] as a function of time, both for the uninhibited and inhibited reaction. The pH(t) method is simpler and more universally applicable because it is suitable for both ACh and ATCh. The pH-stat method is suitable only for ACh, and Ellman´s method only for ATCh hydrolysis, respectively. The change of the pH value of the reaction mixture shifts the activity of AChE during the uninhibited and inhibited hydrolysis of ACh and ATCh in the same way.
Some values of pI 50 in Table I , determined by Ellman´s method, can be compared with those published: sevin, pI 50 = 4.33 (Kulhavý et al., 2002) and 4.11 (Pavlová, 1998) ; rivastigmine (Exelon), 3.3 (Zdražilová et al., 2004 (Zdražilová et al., , 2006b ); galanthamine (Reminyl), 3.26 (Štěpánková et al., 2007) ; imidazoles I1, 4.56, and I2, 4.61 (Kovářová et al., 2010) .
The [H + ] value of the reaction mixture increases during the hydrolysis followed by the pH(t) method by about two orders of magnitude ( pH 7  5), whereas in the pH-stat or Ellman´s method, respectively, it is kept constant. All time courses of [H + ] in Figs. 2a and 2b show initial sigmoidal behaviour, which may be due to the autocatalytic enhancement of the hydrolytic step by the protons resulting from the dissociation of HAc.
Conclusion
A new, simpler, and more universally applicable method is described for the determination of the IC 50 values of inhibitors of the enzymatic hydrolysis of ACh or ATCh by AChE. This method requires only a pH meter with a suitable pH measuring cell and a small thermostated and stirred batch reactor. The values obtained by this method are comparable to those obtained by other, more expensive, methods.
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